The Hubble Deep Field 2 (HDF) offers the best view to date of the optical sky at faint magnitudes and small angular scales. Early reports suggested that faint source counts continue to rise to the completeness limit of the data. In this letter, we investigate the possibility that some of these sources are in fact giant HII regions or merger fragments within the same galaxy, rather than individual galaxies. In deep data such as the HDF, two redshift effects may conspire to produce this illusion. First, giant HII regions are bright at the rest-frame ultraviolet wavelengths observed in the HDF filters for redshifts z > 1. Second, these HII regions are more compact, and hence suffer less surface brightness dimming than do extended sources.
Introduction
The Hubble Deep Field (Williams et al. 1996) affords us an unprecedented view of the optical sky at small angular scales and faint flux levels. It thus allows us to study faint (and presumably high redshift) galaxies without the complicating effects of field crowding that affect ground-based faint galaxy studies.
Preliminary results (Giavalisco et al. 1996) show that source counts in the HDF continue to rise as a power law to the completeness limit of the data. Such an effect may be due to ever larger numbers of galaxies at fainter flux levels. However, it may also be due to the increasingly clumpy appearance of galaxies at high redshift, which can confuse source detection algorithms into counting several faint sources for each physically distinct galaxy.
We begin by considering how redshift effects can lead to over-counting of sources in a deep field like the HDF. Two mechanisms may be at work. First, the high redshift of most of the objects moves the ultraviolet rest-frame light into the observed visible bands, which has commonly been demonstrated to reveal a more knotty, fragmentary appearance than in the rest-frame optical (Schade 1995) . Second, the classic (1 + z) 4 dimming of bolometric surface brightness for diffuse objects is less important for compact sources, which will enhance the relative brightness of such sources. Young, actively star-forming regions are both UV bright and compact, and thus will appear prominently in a very deep field. Several giant HII regions may occur in a single galaxy, and lead to over-counting of sources within the field.
In the later sections of the paper, we test the extent to which HDF source counts reflect the subdivision of galaxies. Several different tests are possible. These tests exploit the weak dependence of angular size on redshift z at z ∼ > 1 to compare the physical separations and sizes of objects in the HDF to those of galaxies in the low-redshift universe. Particularly, Peebles (1993) demonstrates that galaxies of 10kpc physical size would subtend a minimum angle of about 1.6 ′′ for Ω = 0.2, or 2.4 ′′ for Ω = 1 cosmologies (nearly independent of Λ). The minimum value occurs at a redshift between 1 and 2, after which the angular size increases only slowly (the increase is insignificant for the redshifts we're interested in, z ∼ < 4).
In section 4, we discuss the two-point angular correlation function w(θ) of HDF sources. Considerable correlations may be expected for physical scales ∼ < 10kpc if many galaxies in the field break up into multiple giant HII regions in the source catalogs. This test is complicated by the presence of spurious source detections at the edges of nearby galaxies in simple isophotal threshold source catalogs. We discuss this issue in section 3 below and describe our chosen solution, which was to create our own source catalogs using the daofind algorithm, which we empirically find to yield fewer spurious sources.
In section 5, we discuss the magnitude-radius and number-radius relations for HDF sources. We have chosen a version of the Petrosian radius to characterize source sizes, because this measure of scale is insensitive to surface brightness dimming and passive stellar evolution effects.
In section 6, we present number-magnitude relations derived from our source catalogs. The number-magnitude relation of the HDF shows a continuous power-law to the completeness limit, with a flatter slope than in deep ground-based images.
Redshift effects and deep counts
Two redshift effects play an important role in the appearance of very deep fields. First, the redshift moves the ultraviolet rest-frame light into the optical, so that objects bright in UV will be selected over objects bright in optical in their rest frame. Schade et al. (1995) have found that the observed blue light of as many as one-third of galaxies with 0.5 < z < 1.2 is dominated by compact blue components, in which active star-formation or merging is apparently occurring. At higher redshifts, one may expect this effect to be even more pronounced-higher redshift would bring rest-frame UV radiation into intermediate optical bands (while bluer bands would see even harder radiation, near the Lyman break); also one may expect the increase in irregularity with redshift seen by Schade et al. (1995) to continue beyond their z < 1.2 limit.
Second, unresolved compact objects will appear more prominently than diffuse objects, because the compact object will suffer from two fewer powers of (1 + z) in bolometric surface brightness dimming than diffuse (resolved) objects will. These two powers of (1 + z) arise from the spreading solid angle into which a cone of light travels in an expanding universe. If we cannot resolve that expanded solid angle, however, the full amount of light reaches us in the same amount of detector surface, and the effect is negated. The surface brightness, therefore, decreases ∼ (1 + z) 2 less rapidly than in diffuse objects. Giant HII regions, which have sizes of 0.1 to 1 kpc, (Hodge 1993) , remain unresolved, and are thus sufficiently compact for surface brightness dimming to be diminished. Early hints indicate redshifts of ∼ > 2 (Steidel 1996) for many of the sources, which could produce a factor of nine (2.4 mag) relative enhancement of compact sources over diffuse sources.
Both of these factors work to enhance the prominence of compact star-forming regions in a very deep field such as the Hubble Deep Field.
Cataloging the Objects
We retrieved the HDF version 1 images and the corresponding object catalogs from the Space Telescope Science Institute (STScI 1996) . We found that the catalog provided contained several spurious detections, particularly near the margins of the large, bright (nearby) sources. This created an overabundance of very close pairs, which artificially increases the angular correlation function at small scales and introduces spurious faint objects into our photometry statistics. We therefore chose to make a new catalog.
To create our revised catalog, we first reduced the noise by performing a geometric mean of the data from two filters, F814W and F606W. We then used the daofind task in IRAF as our object locator. This task convolves the image with a truncated, lowered Gaussian filter with breadth comparable to the point-spread function (psf). This reduces noise effectively, but may wash out object pairs with separations of less than about 0.5 ′′ . From the convolved image, objects above a threshold are selected and placed in the catalog.
Daofind detected a total of 3541 objects in the central 71.2 ′′ × 71.2 ′′ regions of three wide-field chips. We find the catalog to be somewhat less prone to the spurious detections in the wings of very bright sources than the FOCAS-generated catalog provided by STScI. This is because the extended wings of bright sources have low characteristic spatial frequencies, which the daofind algorithm filters out effectively.
For comparison with ground-based fields, we smoothed the data to 0.5 ′′ and 1.0 ′′ and re-ran the detection algorithm. This reduced the number of detections by about a factor of 2 and 3 respectively, which indicates the necessity of space-based data for such deep fields.
Angular Correlation Function
One may compute the two-point angular correlation function by comparing the number of data pairs at given angular separation to the number of simulated random (window) pairs at the same separation. We thus populated the survey area with 2 × 10 4 random points and computed the distribution of pairs of data objects and data objects (NN), data objects and window objects (NW ), and window objects and window objects (W W ). This allowed us to compute the angular correlation for each of the three HDF fields (WFC chips) as
following Hamilton (1993) .
The angular correlation function for all catalog objects in the three HDF fields is pre-sented in figure 1a ). The three different curves represent the three different chips. The error bars shown reflect the empirical error derived from comparison of the correlations in the three chips.
On spatial scales smaller than the detection filter size, the detection algorithm introduces an artificial anticorrelation. The counting noise is substantial at these small separations. Between 0.5 ′′ and 4 ′′ , the correlation decreases from 0.27 to 0.03, which is in rough agreement with Efstathiou et al. (1991) , who computed the correlation for θ ∼ > 1 ′′ based on deep groundbased counts of faint galaxies with z ∼ > 1. Figure 1b) , however, gives the correlation for catalog objects whose U−B (f300w−f450w) color is greater than 2. This color is chosen to select not red objects, but objects whose redshift is great enough to bring the Lyman continuum into the U band (z ∼ > 2.5). We see that this subset has much stronger positive correlation than the full sample. Between 0.6 ′′ and 10 ′′ the correlation ranges from just under 2 down to about 0.5, nearly an order of magnitude greater than that of the full sample.
This order of magnitude increase in the correlation for the highest-redshift objects tells us that this population is much more strongly clustered at 1 ′′ than the lower redshift objects, an effect not likely visible at ground-based resolution. The high-redshift population may not entirely consist of complete galaxies. As discussed previously, Peebles (1993) demonstrates that for most cosmologies the angular size of galaxies at z ∼ 2 is 1.5-2 arcseconds, so that correlations below this scale must indicate that galaxy fragments are being counted. The continued strong correlation beyond this scale, out to perhaps 30kpc, is difficult to interpret, but may result from merging, which is visibly apparent in the images themselves.
One should be cautioned that the size of the error bars in figure 1 exceed that expected from the Poisson counting statistics (σ P oisson ∼ 0.3 at 0.6 ′′ , 0.15 at 3 ′′ for 1b), which indicates either a systematic difference in the three chips or systematic flaws in the cataloging technique which manifest differently in each chip. The first case would be possible if there happened to be a "cluster" on one chip, but not another. The fact that the correlations are monotonic relative to each other is consistent with that hypothesis. It is difficult to assess how a cataloging glitch may manifest itself, other than to say that if randomly selected real points were thrown out, the correlation should remain unchanged, while if random points were added, the correlation should weaken, but not change sign; the latter is almost certainly happening at some level. If extraneous included points explain the discrepancy, then the measured correlation would be a lower bound and strengthen the case for strong clustering. Whatever the source of error, the correlation at least remains positive throughout most of the range discussed, at a confidence of 1.5-2σ, and is robust to the number of random points used.
Magnitude-Radius Relation
In order to derive the magnitude-radius and number-magnitude relations from our object finding algorithm, we have calculated a "Petrosian aperture magnitude" for the sources in our catalog. This is done by taking a large number of aperture flux measurements, deriving curves of the local surface brightness µ(r) on annuli and mean surface brightnessμ(r) interior to these annuli, and looking for the radius r p such that µ(r p )/μ(r p ) ≡ α. We then take the flux inside r p as our measure of the object flux. We have adopted α = 2/3 throughout this work.
This method has several advantages. First, it yields both a characteristic angular radius and a flux measurement within that radius, so that we obtain photometry matched to the object's size without the need for prior knowledge of that size. Second, the physical location of r p in the galaxy is unaffected by both redshift effects and passive evolution of a (spatially uniform) stellar population, and therefore represent the intrinsic size of the galaxy more effectively (Im et al. 1995) . However, variations of inclination and morphology can affect our results, since we use circular apertures for all objects. Also, the presence of a brighter object nearby can prevent the definition of r p from being fulfilled for any tested aperture. We have estimated fluxes for objects with undefined r p using the flux in an aperture comparable to the mean r p (5.6 pixels = 0.225 ′′ in the unsmoothed HDF data).
We have plotted in figure 2a ) the magnitude-Petrosian radius relation for objects cataloged from the F606W data. The figure conveys a rough power-law with slope θ ∼ 10 −0.1m . The plotted radius, with α = 2/3, corresponds to 1.1r d for a face-on exponential disk of scale length r d . For the observed PSF of the drizzled HDF images (modelled as a Gaussian), our Petrosian radius is ≈ 0.5 × F W HM ≈ 0.08 ′′ , and comparably small object radii may be appreciably biased by the finite spatial resolution of the instrument.
The shallow power-law dependence corresponds well to predictions made by Im et al. (1995) for deep galaxy counts, but does not easily distinguish between the models presented by those authors, which include merging, evolution, and high dwarf population models.
In figure 2b) , we have plotted the number-radius relation. Here one can see a broad peak of objects with Petrosian radius of about 0.2 ′′ , again in agreement with predictions by Im et al. (1995) . In particular, we note that the merging model adopted by those authors is consistent with the peak at 0.2 ′′ in the number-radius relation.
If objects identified in the HDF in fact correspond to merger fragments or star forming regions, then their Petrosian radii must also be small enough to fit within a typical galaxian disc size. As mentioned above, Peebles (1993) demonstrates that the angular size of (10kpc) galaxies is roughly constant at ∼ 1.4
′′ for z ∼ > 1, greater for flatter cosmologies. Thus, the hump at 0.2 ′′ corresponds to roughly 1.4kpc in an open universe (less by a factor of a few in a flat universe), so a galaxian disc can easily contain one to several such objects. Schade et al. (1995) have shown that roughly a third of galaxies at moderate redshift display a "blue nucleated" appearance with one or more bright blue components which rival the galaxy in total observed blue light. The authors suggest that these regions contain active star-formation and might, in fact, be merger fragments. The similar size of galaxian bulges (predicted by Im et al. [1995] ) and star-forming merger fragments makes them difficult to differentiate based on size; however since the catalog sources have a high-correlation at scales smaller than one disc size, many of our catalog objects must be star-forming regions and/or merger fragments.
Number-Magnitude Relation
We present number-magnitude relations for all four bands and for unsmoothed and smoothed images in figure 3 . The solid histograms represent no smoothing, the dashed histogram 0.5 ′′ smoothing, and the dotted histogram 1.0 ′′ smoothing. Note that the numbermagnitude relations for the f300w and f450w filters are not strictly analogous to those for f606w and f814w because we used the same object catalog (generated from a combination of the f606w and f814w images) for all flux measurements. No effort has been made to correct the observed counts for incompleteness or crowding effects, and the decrease in the counts beyond ∼ 30th magnitude is almost certainly due to incompleteness.
The resulting number-magnitude relations have a slope much flatter than that found from ground-based data (Tyson 1995) , so that the total light in the detected objects extrapolated to zero flux is convergent in all four bands.
This test also allows us, in a respect, to link the presence of fragmentation at highredshift, which we have described in the previous two sections, and the fragmentation commonly seen at moderate redshift. Figure 3 portends a power-law increase of number with magnitude, which appears to remain unattenuated up to the completeness limit. We recall that the magnitude-radius relation in figure 2a) also displays a rough power-law relation between magnitude and radius. The continuous power-law behavior in these figures indicates that fragmentation does not likely appear suddenly at any particular redshift; rather, it increases smoothly with depth.
Summary
We have cataloged objects in the Hubble Deep Field in a way that is less prone to spurious detection than previous efforts. From the catalog, we have drawn the angular correlation for all objects and for high-redshift objects only. We have found that highredshift objects are more tightly correlated than expected from extrapolation from lowerredshift ground-based work. The excess correlation suggests that galaxy fragments and merger components are counted in the catalog, and are difficult to distinguish from more "complete" objects.
We have also computed the magnitude-radius relation, which shows that a large fraction of the objects have characteristic sizes around 0.2 ′′ , corresponding to scale lengths ∼ 1kpc, typical of both high-redshift galaxian scale-lengths and diameters of giant star-forming regions. The peak at 0.2 ′′ allows several objects to fit into a single galaxy, as one requires for a fragment scenario. The results also agree with previous predicted observations for high merging rate models.
The number-magnitude relation for the catalog yields an approximate power-law with convergent flux in all bands, contrary to previous ground-based efforts. When this result is combined with the magnitude-radius relation we see that the number of objects increases with decreasing (physical) radius and flux to the completeness limit of the survey. These results indicate that the onset of fragmentation is likely to be smooth with increasing redshift.
The statistical tests presented herein suggest that the most distant objects in the HDF must be some combination of galaxies and star-forming merger fragments, a distinction increasingly hard to draw in deep fields. This supports our hypothesis that ultraviolet bright and compact star-forming regions contribute substantially to the flux, and increasingly to the number counts, we receive from high redshift samples.
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